Introduction
In response to tissue injury, local cytokines and growth factors act on epithelial, mesenchymal, and immune cells to orchestrate healing of the wound. Wound healing is generally characterized by processes involved in cell proliferation, remodeling of extracellular matrix, cell invasion and migration, new blood vessel formation, and modulation of blood coagulation. Similarly, the hallmarks of cancer consist of an analogous program that allows for deregulated cell growth, tumor cell invasion, angiogenesis, and metastasis (Hanahan and Weinberg, 2000) . These observations have been the backdrop for the concept that tumors are 'wounds that do not heal' (Dvorak, 1986) . While the relationship between inflammation/wound healing and cancer is widely accepted, the molecular mechanisms that link inflammation and cancer remain unclear (Coussens and Werb, 2002) . Here, we evaluated the ability of Stat3 to coordinate pathways common to both wound healing and cancer. We postulated that signaling pathways regulated by both oncogenic signals and tissue injury signals coordinate gene expression changes common to both events.
Originally identified as a key component linking normal cytokine signals to transcriptional events in cells, Stat3 is now thought to play a major role in tumor formation (Levy and Darnell, 2002; Yu and Jove, 2004 ). Stat3 is activated by oncogenic signals such as Src and EGFR signaling as well as by cytokines and mitogens involved in wound healing such as interleukin-6 and hepatocyte-growth factor (HGF) (Song et al., 2003) . A constitutively activated mutant of Stat3 can promote cellular proliferation and survival as well as lead to cellular transformation, providing genetic evidence for the intrinsic oncogenic potential of Stat3 (Bromberg et al., 1999) . Stat3 regulates a number of pathways important in tumorigenesis including cell cycle progression, apoptosis, tumor angiogenesis, invasion and metastasis, and tumor cell evasion of the immune system (Bromberg et al., 1999; Grandis et al., 2000; Yu and Jove, 2004) . In addition to processes involved in tumor formation in epithelial cells, Stat3 plays a crucial role in normal wound healing and response to injury. Stat3 is activated in lung tissues following either lipopolysaccharide (LPS) exposure or intrapulmonary deposition of IgG immune complexes (Gao et al., 2004; Severgnini et al., 2004) . Selective Stat3 deletion in lung epithelial cells does not compromise postnatal lung function but mice exposed to hyperoxia develop rapid lung injury characterized by alveolar capillary leak and acute respiratory distress (Hokuto et al., 2004) . Similary, selective loss of Stat3 in keratinocytes results in impaired wound healing and defects in keratinocyte migration (Sano et al., 1999) .
Results

Identification of Stat3-regulated genes using oligonucleotide microarrays
To investigate whether Stat3 regulates genes involved in both wound healing and cancer, we investigated genome-wide changes in gene expression in lung epithelial cells. We developed an adenoviral vector that expresses a mutant of Stat3, designated Ad-Stat3C, which is constitutively active in the absence of tyrosine phosphorylation and can transform rodent fibroblasts (Bromberg et al., 1999) . Quiescent A549 lung cells were infected with either Ad-Stat3C or a control adenoviral vector expressing green fluorescent protein (Ad-GFP). These cells were established from a human bronchioloalveolar cell carcinoma and have features resembling type II alveolar epithelial cells of the lung (Lieber et al., 1976) . Preliminary results had identified an optimal multiplicity of infection (MOI) of 50 resulting in equivalent levels of Stat3 DNA binding compared with IL-6 stimulation and resulting in nearly 90% of the cells expressing GFP (data not shown). Figure 1 demonstrates that Stat3-DNA-binding activity is detected after as early as 8 h following infection and increases throughout the infection.
To control for biological and experimental variation, five 10 cm dishes of cells were infected with either Ad-GFP or Ad-Stat3C (10 individual plates). At 24 h after infection, total RNA was collected and used as the RNA source for microarray analysis. Each dish of cells was used for one Affymetrix U133A Human GeneChip. Differentially expressed genes between Ad-Stat3C and Ad-GFP were identified using significance analysis of microarrays (SAM) (Tusher et al., 2001) . This is a method of identifying statistically significant changes in gene expression taking into account multiple testing and a family-wise error rate. We accepted all genes identified by SAM as differentially regulated by at least 1.5-fold. While this choice was somewhat arbitrary, it was largely based on a report demonstrating that a 50% change in gene expression can result in tumorigenesis (Yan et al., 2002) . We identified 200 genes induced by Stat3C that were considered significant and we identified 150 genes repressed by Stat3C. The top 50 genes in each of these two groups are shown in Tables 1 and 2, respectively.  Complete lists of the significant upregulated and downregulated genes are included in the Supplementary Data  (Tables A-C) . Importantly, we identified targets that have been previously reported as Stat3 targets in the literature. These include upregulated genes such as fibrinogen, lipopolysaccharide-binding protein (LBP), SOCS3, c/EBPd, BCL6, JunB, and Myc (Fujitani et al., 1994; Schumann et al., 1996; Hutt et al., 2000; Reljic et al., 2000; Bowman et al., 2001; Duan and SimpsonHaidaris, 2003; He et al., 2003) . These putative Stat3-regulated genes were then grouped into distinct known biological functions of the encoded proteins, including apoptosis, cell cycle, cell signaling, invasion, and inflammation. We used Onto-Express to aid in understanding functional roles for genes identified as differentially expressed (Khatri et al., 2002; Khatri et al., 2004) . Onto-Express is a tool designed to mine available functional annotation data and identify relevant and significant functional biological processes. In addition, each gene was researched by manual examination of published literature using PubMed. This analysis is shown in Table 3 .
One of the more interesting findings was the identification of a large number of genes induced by Stat3 that are involved in cell invasion/migration and remodeling of extracellular matrix. These included genes in the chemoattractants family such as CCL2 and CXCL2, proteases in the cathepsin and SERPIN families such as uPA and its receptor uPAR, and genes involved in both cell invasion and blood coagulation pathways (such as PAI-1). Several genes encoding coagulation proteins were similarly upregulated by Stat3 including fibrinogen, PAI-1 (SERPINE1), and thrombomodulin. We also identified genes involved in angiogenesis including EPAS1, adrenomedullin, and angiopoietin-like protein 4 (ANGPTL4; also known as PPARg-angiopoietin-related protein), as being upregulated by Stat3. VEGF, previously identified as a Stat3 target gene, was identified by SAM as being upregulated by Stat3 but with a fold change of slightly less than 1.5 in our analysis (Niu et al., 2002) .
In addition, we found that Stat3C expression repressed a large number of interferon-signaling genes. They include IFIT1, IFIT4, and IFITM1, OAS1, OAS2 and OASL, IFI27 and IFI35, GIP2 and G1P3, TRAIL, MX1 and MX2, and PRKR, and Stat1. Onto-Express calculated the P-value of this occurring by chance as 4.8 Â 10 À11 , indicating that repression is a true function of Stat3 and not a chance occurrence in the data set. These findings are consistent with the opposing roles of Stat1 and Stat3 in controlling cell proliferation, survival, and immune responses in many contexts .
Validation of microarray results using real-time quantitative PCR analysis
To validate the oligonucleotide array data, we performed real-time quantitative PCR (QPCR) on a select Figure 1 Expression of Stat3C using adenoviral vectors. Quiescent A549 cells were infected with 50 MOI of either Ad-Stat3C or Ad-GFP for various times, and nuclear extracts assayed for DNAbinding activity using STAT EMSA. Ad-Stat3C results in timedependent increase in Stat3 DNA binding, while Ad-GFP has no effect on Stat3 DNA-binding activity The top 50 genes ranked by fold change identified by SAM as being upregulated by Stat3C
Stat3, wound healing and cancer DJ Dauer et al lung chronic inflammation caused by the noncarcinogenic food additive butylated hydroxytoluene (BHT) (Bauer et al., 2001a) . Administration of BHT causes alveolar type I cell necrosis followed by type II cell hyperplasia as a compensatory mechanism. This is followed by a process of wound healing characterized by cellular proliferation, angiogenesis, and inflammatory cell infiltrate into the alveoli. Figure 2a shows the morphological change of chronic lung injury by BHT. Lungs of control mice have terminal bronchioles lined by numerous simple columnar, dome-shaped epithelial cells (Clara cells) with abundant apical cytoplasm. Alveoli are composed of flattened type I pneumocytes with thin cytoplasmic extensions, and plump type II pneumocytes that bulge into the lumens of the alveolar sacs. A few pulmonary macrophages are present in the interalveolar septa or alveolar sacs. No noticeable changes were identified in tissues during weeks 1 and 2 after treatment, but by 3-4 weeks after treatment, lungs have moderate to marked capillary engorgement, interstitial and alveolar edema, and alveolar hemorrhage.
There is a moderate to marked increase in the cellularity of the thickened alveolar septa, comprised of hypertrophic and hyperplastic cuboidal type II pneumocytes with round hyperchromatic nuclei, and a moderate number of pulmonary macrophages in alveolar septa and sacs. Figure 2b shows corresponding changes in Stat3 activation from identical tissues. Stat3 activity is increased 24 h following exposure to BHT and then returns to baseline levels by week 2. By weeks 3-4, there is again an increase in Stat3 activity that corresponds to the time of maximal wounding of the lung epithelium. These data demonstrate that Stat3 is activated during the normal lung wound healing process following chronic injury.
Stat3 activation at the invading edge of lung tumors
We identified a number of genes upregulated by Stat3 involved in tumor cell invasion including uPA, uPAR, and cathepsins B and L. This suggests that Stat3 activation in tumors may be involved in tumor cell invasion and migration. Based on these results, we postulated that Stat3 activation could be important at the leading edge of tumors invading adjacent stromal tissues. We examined early stage non-small-cell lung cancers to determine the localization of Stat3 activity by immunohistochemistry using an antibody that recognizes tyrosine-phosphorylated Stat3 (pStat3) (Mora et al., 2002) . As shown in Figure 3 , we identified cases where the bulk of the tumor contained little or no pStat3 activity while the edge of the tumor adjacent to stromal tissues contained abundant cytoplasmic and nuclear pStat3 staining. Other tumors demonstrated pStat3 activity throughout the tumor (data not shown).
We were unable to demonstrate activation of ERK in these tumors using antibodies that recognize phosphorylated ERK proteins, suggesting that the activation of Stat3 is not a generalized finding of activated signaling (data not shown). These results suggest that Stat3 activity may not be homogenous throughout lung tumors but rather can be concentrated in tumor cells adjacent to nontumor stromal tissues. These results and the identification of Stat3-dependent genes (such as uPA and uPAR) involved in cell invasion/migration suggest a role for Stat3 in tumor cell invasion.
Discussion
Considerable evidence has demonstrated a critical role for Stat3 in the regulation of genes participating in pathways that regulate cellular proliferation, apoptosis, tumor angiogenesis, tumor invasion/metastasis, and evasion of an immune response . Tissue-specific Stat3 gene deletion mouse models have also defined an important role of Stat3 in tissue injury and wound healing in epithelial cells of the lung and skin (Sano et al., 1999; Gao et al., 2004; Hokuto et al., 2004; Severgnini et al., 2004) . In lung epithelial cells, Stat3 is activated in acute lung injury and loss of Stat3 compromises survival following hyperoxia (Gao et al., 2004; Hokuto et al., 2004; Severgnini et al., 2004) . Our results identify previously uncharacterized genes upregulated by Stat3 that are implicated in cell invasion and metastasis as well as pathways involved in angiogenesis and blood coagulation. We also identified a number of interferon-induced genes downregulated by Stat3. Most importantly, our results provide a molecular view that links both wound healing pathways and oncogenic pathways to Stat3. These findings provide a molecular basis for the seminal observation of similarities between wound healing and tumor development in that tumors are 'wounds that do not heal' (Dvorak, 1986) . Both wound repair and cancer are characterized by cell proliferation, remodeling of extracellular matrix, cell invasion and migration, new blood vessel formation, and modulation of blood coagulation. Activation of Stat3 by either oncogenic signals or wound healing signals activates a common gene program that affects processes common to both events (Figure 4 ). However, a crucial difference between normal wound healing, which involves transient Stat3 activation, and cancer is that Stat3 is persistently activated in cancer . Thus, continuous expression of wound healing genes by persistently activated Stat3 in tumor cells may be essential for malignant progression and may be predictive of outcome. A gene expression program that reflects wound healing was found to be expressed in human tumors and was predictive of poor outcome in multiple tumor types (Chang et al., 2004) . Given recent results demonstrating a critical role of Stat3 in the development of skin cancer, our results may also suggest additional mechanisms of tumor promotion by Stat3 including tissue invasion and angiogenesis (Chan et al., 2004) . Based on recent studies demonstrating enhanced Stat3 activation with increased cell-cell contact or increased confluence, we hypothesize that Stat3 may serve as a sensor of tumor cell contact and upregulate genes necessary for cell invasion and migration (Steinman et al., 2003; Vultur et al., 2004) . Stat3 may also act as a sensor of wounding and similarly regulate genetic programs necessary for epithelial cell migration required for proper wound healing. The serine protease uPA and its receptor uPAR are important for tumor cell invasion (Rao, 2003) . Binding of uPA to uPAR on the cell surface directs proteolytic activity resulting in extracellular matrix degradation. Eliminating uPAR function in lung carcinoma cells results in reduced tumor cell invasion and metastasis (Lakka et al., 2001) . There is also evidence for uPAR activation during re-epithelialization of skin wounds by keratinocytes (Romer et al., 1994) . Similarly, cathepsin family members are proteases implicated in inflammation, tumor invasion, and metastasis through regulation of proteolysis, protein processing, and matrix degradation (Rao, 2003) . Upregulation of fibrinogen by Stat3 in lung epithelia is of interest since fibrinogen expression in the lung has been linked to sustained adhesion and/or survival of circulating tumor cells (Palumbo et al., 2000; Palumbo et al., 2002) . These results suggest that upregulation of Stat3 in nonmalignant stromal or epithelial cells within an organ may allow for enhanced tumor cell growth and metastasis through modulation of factors controlling cell adhesion, migration, angiogenesis, and chemotaxis. Inflammatory conditions that upregulate Stat3 activity Figure 2 Stat3 activation following chronic inflammation of the mouse lung. (a) Formalin-fixed tissues from control and BHTtreated mice were examined for morphological changes following weekly administration of BHT. Representative H&E sections of tissues from control mice and mice following 4 weeks of BHT exposure are shown. (b) Stat3 DNA-binding activity was assayed using STAT EMSA. Results are shown for two animals for each individual time point. C, Control mice; Wk1-4, mice exposed to weekly BHT injections; D6 and D10, mice killed 6 and 10 days, respectively, following last BHT injection; IL-6, IL-6 exposed A549 nuclear extract for positive control; SS, C-20 Â Stat3 Supershift. (c) Graphical representation of Stat3 intensity following analysis using ImageQuant. Mean values of Stat3 intensities for the two control mice were set to a value of 1. Stat3 intensity from individual samples represents fold change compared to control mean. Results are again shown for two animals for each individual time point Figure 3 Stat3 activation at the leading edge of lung cancer. Nonsmall-cell lung cancers taken from surgically resected specimens from two distinct cases were assessed for Stat3 activity using pStat3 immunohistochemistry. Top, H&E; bottom, pStat3 In addition to the genes induced by Stat3, we also identified a large group of interferon-dependent genes repressed by Stat3 (Table 2 ). In the context of normal wound healing, Stat3 activation and downregulation of an IFNg-like response may be important in reducing tissue damage resulting from proinflammatory cytokines elicited by invading immune cells. This finding is consistent with previous studies showing that cells exposed to IL-6 require Stat3 to downregulate Stat1 activity and prevent an IFNg-like response (CostaPereira et al., 2002) . Selective loss of Stat3 in endothelial cells results in expanded inflammatory response and tissue damage in response to a systemic inflammatory response (Kano et al., 2003) . These conditional Stat3-null animals demonstrated increased levels and prolonged periods of proinflammatory cytokine production. Increasing evidence also demonstrates that tumor cells become insensitive to the tumor suppressor actions of IFNg through both genetic and epigenetic mechanisms (Saunders et al., 1994; Kaplan et al., 1998; Shou et al., 2002; Kulaeva et al., 2003) . Interferons have the ability to negatively regulate cell invasion and metastasis, cell cycle entry, and induce apoptosis (Bromberg et al., 1996; Chawla-Sarkar et al., 2003) . Our studies as well as those discussed here suggest that Stat3 activity may contribute to disruption of IFNg-mediated tumor suppression. Additionally, the genes identified as being downregulated by Stat3 expand the list of proinflammatory cytokines previously found to inhibit dendritic cell functional maturation (Wang et al., 2004) . Therefore, suppression of interferon-dependent gene expression by Stat3 may be a required event for both proper wound healing and escape of tumor cells from the tumor suppressor functions of interferons.
Finally, additional Stat3-regulated genes are involved in the duality of wound healing and oncogenesis. MnSOD expression in the lungs has been associated with reduced pulmonary radiation sensitivity, decreased alveolitis, and improved animal survival following whole lung irradiation (Epperly et al., 2000) . It is also a survival factor for cancer cells and can increase the resistance of cancer cells to chemotherapy (Hur et al., 2003) . Inhibition of CXC chemokine ligands/CXCR2 interaction using CXCR2 gene knockout mice reduced neutrophil sequestration and lung injury as well as enhanced animal survival following hyperoxia compared with wild-type mice (Sue et al., 2004) . CXC chemokines acting through the CXCR2 receptor also enhance tumor cell invasion, migration, and metastasis (Reiland et al., 1999) . CCL2, also known as macrophage chemotactic protein (MCP-1), has a critical role in alveolar epithelial cell wound healing and has also been shown to be important in lymphoma cell invasion (Wakabayashi et al., 1995; Christensen et al., 2004) . These results further support the concept that Stat3-dependent genes essential for wound healing are also central to cancer formation and progression.
In summary, we found that Stat3 serves to connect seemingly diverse pathways to regulate inflammation in the context of oncogenesis. Since Stat3 is upregulated by both tissue injury and oncogenic signals, our results link common signaling pathways to genetic programs used in both wound response and cancer formation. Given the link between inflammation and cancer, the regulation of such common pathways by Stat3 may be clinically relevant for both chemoprevention and treatment of established tumors. Of fundamental importance, our findings provide a molecular basis for understanding cancer as a deregulation of normal wound healing processes.
Materials and methods
Adenoviral vectors
Ad-Stat3C was constructed by subcloning Stat3C into the AdTrack-CMV plasmid used to construct recombinant adenoviruses (He et al., 1998) . This plasmid also coexpresses GFP through a cytomegalovirus (CMV) promoter. Viral stocks were created, purified and titered as previously described (Song et al., 2003) . Cell were infected with varying concentrations of adenovirus, detailed in each experiment, placed directly into the medium of cells and incubated for the indicated times. Viral infection was confirmed by visually observing GFP expression in infected cells.
Cell lines and cell culture
A549 cell lines were obtained from ATCC. Cells were grown in RPMI-1640 medium supplemented with 2 mM L-glutamine (Gibco) supplemented with 10% fetal calf serum (FCS) (Hyclone). A549 lung cells were seeded overnight on 10 cm plates in 10% FCS and the next day the media was removed and replaced with complete media containing 0.25% FCS. After 48 h of serum deprivation, the cells were infected with either Ad-GFP or Ad-Stat3C at an MOI of 50. Cells were counted using a hemocytometer and infected with adenoviral vectors in Optimem media (Gibco) for the times indicated. To control for effects of adenoviral infection on gene expression, we compared Ad-Stat3C-expressing cells to cells infected with control adenoviral vector termed Ad-GFP.
Nuclear extract preparation and electrophoretic mobility shift assays (EMSA)
STAT DNA-binding assays were performed as described previously (Song et al., 2003) . Protein-DNA complexes were resolved by nondenaturing polyacrylamide gel electrophoresis (PAGE) and detected by autoradiography.
Oligonucleotide microarray analysis
We followed MIAME (Minimum Information About a Microarray Experiment) guidelines for the presentation of our results (Brazma et al., 2001) . To control for biological and experimental variation, five 10 cm dishes of cells were infected with either Ad-GFP or Ad-Stat3C (10 individual plates). At 24 h after infection, total RNA was collected and used as the RNA source for microarray analysis. RNA from each individual plate was processed for analysis on its own Stat3, wound healing and cancer DJ Dauer et al individual gene array (five arrays for Ad-GFP, five arrays for Ad-Stat3C). Total RNA was isolated from cells with Trizol reagent and then purified using Qiagen RNA prep kits according to the supplier's instructions. Total RNA (5 mm) served as the mRNA source for microarray analysis. Poly(A) RNA was converted to cDNA, amplified, and labeled with biotin following the established procedures (Van Gelder et al., 1990) . The arrays used were the Affymetrix human genome U133A GeneChips. These chips contain 22 214 probe sets that target known and suspected genes as well as a number of suspected splice variants. Each gene is represented by a series of oligonucleotides that are identical in sequence to the gene, and oligonucleotides that contain a homomeric (base transversion) mismatch at the central base position of the oligomer is used for measuring cross hybridization. These arrays offer a comprehensive survey of human genes as registered in GenBank, UniGene (build 133), and the Institute for Genomic Research (TIGR) databases. Hybridization, staining, and scanning of the chips followed the prescribed procedure outlined in the Affymetrix technical manual as previously described (Warrington et al., 2000) . Hybridized chips were scanned, inspected for hybridization artefacts, and then analysed using the GeneChip Operating Software (GCOS) version 1.1, which produces probe-level data in a series of CEL files, one for each GeneChip.
Affymetrix probe-level data in CEL files for five control (Ad-GFP) chips and five experimental (Ad-Stat3C) chips were normalized using the affy package in the R statistical language and environment version 1.9.0 (www.bioconductor.org). Probe-level data were stored in an R working directory and normalized by the Robust Multichip Average (RMA) method, available as part of the affy package. This consists of a background adjustment, quantile normalization, and the median-polish summary method, producing a single normalized expression set for all 10 chips (Bolstad et al., 2003; Irizarry et al., 2003a, b) .
The expression sets were then exported to a Microsoft Excel spreedsheet, and formatted for analysis by the SAM add-in tool for Excel (Tusher et al., 2001) . Differentially expressed genes between Ad-Stat3C and Ad-GFP were identified using SAM. This method accepts normalized expression sets and identifies statistically significant changes in gene expression by assigning each gene a score based on its change in expression relative to the standard deviation of repeated measurements. SAM uses permutations of empirical measurements to estimate the false discovery rate (FDR) for the called list in the form of a 90% confidence interval.
The options selected for the SAM analysis were: (1) Response type: two-class, unpaired data (class 1 -GFPfive chips, class 2 -STAT3C -five chips); (2) Data logged: logged (base 2); (3) Weblink Option: Accession number; (4) Number of permutations: 200; (5) Imputation engine: N/Ano missing data in our experiment; (6) Random number seed: generate random number seed. This produces a list of both upregulated and downregulated significant genes along with options to specify fold-change constraints. The false discovery rate is presented as a 90% confidence interval (as opposed to the median), and we accepted a rate of 1/100 as the upper limit of this interval, indicating a false discovery rate of at most 1%.
We used Onto-Express to aid in understanding functional roles for genes identified as differentially expressed (Khatri et al., 2002; Khatri et al., 2004) . Onto-Express is a tool designed to mine available functional annotation data and identify relevant and significant functional biological processes. Gene lists were submitted to Onto-Express after being converted to TXT files. In addition, each gene was researched by manual examination of published literature using Pubmed.
Quantitative RT-PCR analysis
RNA isolated from A549 cells infected with either Ad-GFP or Ad-Stat3C was pooled to create one sample representing Ad-GFP-infected cells and one sample representing Ad-Stat3C-infected cells. The RNA pools were run on RNA 6000 Nano Chips (Agilent, Palo Alto, CA, USA) and analysed on the Agilent 2100 Bioanalyzer (Agilent, Palo Alto, CA, USA) to confirm their integrity and concentration. Reverse transcription reactions were carried out using Sensiscript RT and oligodT (Qiagen, Valencia, CA, USA) with a RNA concentration of 15 ng/ml. Quantitative Real-Time PCR reactions contained 30 ng of cDNA per port (or per 50 reactions). All reactions were run in triplicate on TaqMan Custom Low Density ArrayMicro Fluidic Cards (Applied Biosystems, Foster City, CA, USA). Product numbers for each gene assayed are available in Supplemental Information. Fluorescent emission was recorded in real-time (ABI prism 7900HT; Applied Biosystems, Foster City, CA, USA). Gene expression profiling was completed using the Comparative Ct method of relative quantification (User Bulletin #2 -ABI PRISM 7700 Sequence Detection System, Applied Biosystems, Foster City, CA, USA). For each gene, relative RNA quantities were normalized to the endogenous control, 18s rRNA. Each Stat3C replicate was normalized to each GFP pool and the average relative quantity (RQ) is reported for each gene. The mean fold changes were calculated along with s.d. and 95% confidence intervals of the three replicates.
Animal studies
We used an established mouse model of chronic lung inflammation using Balb/c mice chronically exposed to four weekly BHT injections (Bauer et al., 2001b) . The use of mice was approved by the University of South Florida Institutional Animal Care and Use Committee. Male Balb/C mice 6-8 weeks of age were purchased from Charles River Laboratory. Balb/C mice were injected with an initial BHT dose of 150 mg/ kg followed by three weekly 200 mg/kg i.p. injections; control mice received corn oil injection. Two mice were euthanatized by CO 2 inhalation 24 h after every injection, as well as 6 and 10 days after the final injection. Whole lungs were washed with ice-cold PBS via injection into the right ventricle to remove residual blood and snap frozen in liquid nitrogen. A separate sample of lung tissue was snap fixed in formalin and mounted in paraffin for sectioning.
Human tumor studies
Tumor tissues were obtained from patients undergoing surgical resection of early stage non-small-cell lung cancer as part of a clinical protocol approved by the University of South Florida Institutional Review Board. The tumor specimen was fixed in formalin and processed for routine histological examination and immunohistochemical analysis. Immunostaining for phospho-Stat3 was performed using a rabbit antihuman polyclonal antibody (Phospho-Tyr705-Stat3; Cell Signaling, Beverly, MA, USA) as previously described; as negative controls, rabbit immunoglobulins were used to replace primary antibody (Mora et al., 2002 
